Various scenarios of contact binary evolution have been proposed in the past, giving hints of (sometimes contradictory) evolutionary sequence connecting A-type and W-type systems. As the components of close detached binaries approach each other and contact binaries are formed, following evolutionary paths transform them into systems of two categories: A-type and W-type. The systems evolve in a similar way but under slightly different circumstances. The mass/energy transfer rate is different, leading to quite different evolutionary results. An alternative scenario of evolution in contact is presented and discussed, based on the observational data of over a hundred low-temperature contact binaries. It results from the observed correlations among contact binary physical and orbital parameters. Theoretical tracks are computed assuming angular momentum loss from a system via stellar wind, accompanied by mass transfer from an advanced evolutionary secondary to the main sequence primary. Good agreement is seen between the tracks and the observed graphs. Independently of details of the evolution in contact and a relation between A-type and W-type systems, the ultimate fate of contact binaries involves the coalescence of both components into a single fast rotating star.
possess small helium cores to explain systems like AW UMa or SX Crv (Paczyński et al. 2007) . In a new model, the problem of thermal equilibrium of both components is solved by assuming that contact binaries are past mass exchange with a mass ratio reversal (Stȩpień 2006a) .
In this paper we discuss the physical and geometrical parameters of the components of more than a hundred cool contact binaries. Our sample is based mainly on the list of contact binaries given by Kreiner et al. (2003) . Half of the systems from the list has solutions published in the frame of the W UMa project (papers I-VI) (Kreiner et al. 2003; Baran et al. 2004; Zola et al. 2004; Gazeas et al. 2005; Zola et al. 2005; Gazeas et al. 2006a) . Data for the remaining systems were collected from literature. Only binaries with accurate solutions based on high quality photometric light curves and good radial velocity curves for both components were included. We show that several relations and correlations exist among the discussed parameters. Some of them may be useful in the future for approximate estimates of masses and radii of contact binaries for which only orbital periods are known, which is a typical situation for binaries detected in massive photometric surveys. Later we discuss the evolutionary scenario for different types of binaries based on models suggested by Stȩpień (2004 Stȩpień ( , 2006a .
In our study we consider component "1" as the presently more massive one. Our assumption is based on the double-lined spectroscopic observations, where the mass ratio is taken as q = M2/M1 1.
OBSERVED PROPERTIES OF W UMA-TYPE STARS
Cool contact binaries are divided into two categories according to the relative minima depth (Binnendijk 1970) . Those with a primary minimum being a transit are called A-type, while when it is an occultation the binary is of W-type. This can be translated into a temperature difference: primary components are hotter than secondaries in A-type binaries whereas the opposite occurs in W-type stars. A typical temperature difference is of the order of a few hundred kelvin but there are many binaries with the difference very close to zero and even some alternating between A-and W-type. Existing models of energy transport between the components always predict hotter primaries (Lucy 1968; Kähler 2002 Kähler , 2004 . So far, the only acceptable explanation for W-type effect assumes the existence of cool, dark spots on primaries which results in a drop of the surface averaged temperature (Binnendijk 1970; Eaton et al. 1980; Stȩpień 1980) . Equivalently, hot spots on secondaries can also do. A-type binaries have, on average, longer orbital periods, earlier spectral types (i. e. more massive primaries) and lower mass ratios compared to W-type but a significant overlap is present. It is not clear whether the division into A-type and W-type binaries is superficial or the differences between both types are deeper and more fundamental. Lucy (1976) assumed in his model of a cool contact binary that both components of W-type stars are located on ZAMS and they evolve via Thermal Relaxation Oscillations (TRO) with a secular mass transfer from the secondary to primary component until the primary reaches a limiting mass for CNO cycle to dominate hydrogen burning process. The primary evolves then off the ZAMS and increases its radius so that both components can fill their critical Roche lobes being in thermal equilibrium. A similar conclusion was reached by Hilditch et al. (1988) and Hilditch (1989) . A different view was taken by Maceroni & van't Veer (1996) who analyzed properties of a numerous sample of W UMa stars of both types and concluded "... that most A-type systems have no evolutionary link with the W-types, as they have too large total mass and/or angular momentum to be the result of evolution of W-types towards smaller mass ratios." A recent discussion of over one hundred cool contact binaries with accurately determined parameters, carried out by , confirmed the conclusion of Maceroni & van't Veer (1996) . If W-type stars cannot evolve into A-type, can the opposite be true? W UMa stars are magnetically very active and it is generally accepted that they lose mass and AM via magnetized wind (Stȩpień 1995 (Stȩpień , 2006a Yakut & Eggleton 2005) . Is it possible that A-type stars originate from short-period detached binaries and, after losing a fraction of mass and AM they evolve into W-type systems? Or, perhaps, both types evolve in their own ways, i. e. remaining A-type or W-type from the formation of contact configuration to a probable merging of both components into a single, rapidly rotating star? Tables 1 and 2 list names, geometrical and physical data of 112 cool contact binaries with accurately determined parameters. It is known that the parameters of W UMa-type binaries fulfill several relations. Some of them result from the fact that they are contact systems and their primaries are MS stars (see below) but others are not obviousà priori. Instead, they result from the correlations shown by the observations. We will discuss them in turn.
An important period-color relation was discovered by Eggen (1961) . Its recent version reads (Wang 1994) (B − V )0 = 0.062 − 1.31 log P ,
where orbital period P is in days. Rucinski & Duerbeck (1997) derived a calibration of absolute magnitude of W UMa-type stars in terms of color and period MV = −4.44 log P + 3.02(B − V )0 + 0.12 .
Combining both equations we obtain MV = −8.4 log P + 0.31 .
Eq.(3) shows that the knowledge of the orbital period is sufficient to calculate the absolute magnitude of a W UMatype binary with a fair accuracy. A similar, but steeper relation was recently derived by Rucinski (2006) for stars with log P < −0.25. noticed already that mass of the primary components of W UMa-type binaries increases steeply with increasing period, whereas mass of secondaries is nearly period independent and varies between 0 and 1 M⊙. Fig. 1 shows the period-mass relations for both components of the systems from Tables 1 and 2 . Power law relations can be fitted to the data log M1 = (0.755 ± 0.059) log P + (0.416 ± 0.024) ,
log M2 = (0.352 ± 0.166) log P − (0.262 ± 0.067) . Kreiner et al. 2003 , 2: Baran et al. 2004 , 3: Zola et al. 2004 , 4: Gazeas et al. 2005 , 5: Zola et al. 2005 , 6: Gazeas et al. 2006 , 7: Hilditch et al. 1988 , 8: Zhang et al. 2004 , 9: Milone et al. 1987 , 10: Maceroni et al. 1981 , 11: Khajavi et al. 2002 , 12: Samec & Hube1991, 13: Yakut et al. 2003 , 14: Hilditch et al. 1992 , 15: Kaluzny & Rucinski 1986 , 16: Russo et al. 1982 , 17: Rainger et al. 1990a , 18: Nesci et al. 1986 , 19: Yang & Liu 1999 , 20: Maceroni et al. 1994 , 21: Rucinski et al. 1993 , 22: Maceroni et al. 1984 , 23: Kaluzny 1984 As we see, the knowledge of the orbital period suffices to estimate not only the absolute magnitude of the system but also masses of both components with a reasonable accuracy of about 15%. The above relations may be useful when statistically analyzing data from mass photometry programs, such as ASAS, OGLE or MACHO. A-type binaries follow the same relations as W-type.
Several authors noticed that primaries of cool contact binaries obey mass-radius relation for MS stars. Our data confirm this result. Fig. 2 is a plot of radii of both components of binaries from Tables 1 and 2 where α = 0.92 ± 0.04. This is very close to the exponent α = 0.977 of the empirical mass-radius relation for single MS stars with masses lower than 1.8 M⊙ (Gimenez & Zamorano 1985) . Secondaries are substantially oversized and do not follow any simple mass-radius relation.
Orbital parameters of W UMa-type contact binaries obey some basic relations resulting from the Roche model. These are: the third Kepler law
where M = M1 + M2, the total mass, and a, semiaxis, are in solar units and P in days, the expression for orbital angular momentum
with H orb in cgs units, and finally the expressions for critical Roche lobe sizes, approximated by Eggleton (1983) , and assumed to be identical with stellar radii
Using the empirical period-mass relations given by Eqs. (4)- (5) and the above formulas, the period-radius relations for primary and secondary components can be numerically calculated. Fig. 3 shows these relations as solid lines with the observed values of the component radii overplotted. The agreement between the computed relations and observed data is perfect. Two more approximate relations can also be derived. Neglecting variability of right hand sides of Eqs. (8)- (9) on q (e.g. by putting q ≡ q = 0.34) we have:
and R1 ∝ a, where we adopted M = 1.34M1. Using the empirical relation R1 ∝ M α 1 we obtain for α ≈ 1
where the final exponents are rounded to the nearest integer. We finally obtain H orb ∝ P 2 and M ∝ P . The plot of the total observed mass versus period, given by (see their Fig. 3) shows indeed the correlation in the predicted sense. Note that the total masses of several near-contact binaries, also plotted in that figure, are lower than those of genuine contact binaries with the same orbital period. This is a consequence of the fact that masses of primaries of near contact binaries are too low, hence their radii are too small to fill up their critical Roche lobes (assuming the primaries are MS stars). It is interesting to see that the P − H orb plot of contact binaries, given in Fig. 4 , shows much poorer correlation as also shown by (see their Fig. 4) . Values of AM for individual stars fill a part of the figure below diagonal running from the lower left (short periods, low AM) to the upper right corner (long periods, high AM). The average value of AM increases with increasing period, as predicted, but the scatter increases as well. The increasing scatter can be explained by a more sensitive dependence of AM on mass ratio. The upper bound given by the diagonal corresponds to binaries with maximum component masses for a given period. On the other hand, binaries with extremely low secondary masses (hence mass ratios of q ≈ 0.1) lie low in the figure. A-type binaries listed in Table 2 cover a broader range of values of AM (from 0.7 to 13.8 ×10 51 in cgs units) than W-type binaries (from 1.7 to 10.7×10 51 in cgs units). This indicates that a picture of contact binary evolution from A-type to W-type, or vice versa is too simplistic (see Eker et al. 2006) .
Considering evolution of contact binaries one should note that an isolated system can either preserve mass and AM (conservative evolution) or lose both quantities simultaneously. Evolution can never move a binary towards higher total mass and/or AM, as stressed by but the opposite direction is physically possible and in fact very likely. W UMa type binaries are very active so we expect strong magnetized winds carrying away mass and AM. Old contact binaries should have lower total mass and AM than the newly formed ones. The questions to answer are: where newly formed contact binaries appear in period-AM and period-mass diagrams, and what do their evolutionary tracks look like. In the next section we present an evolutionary model of a contact binary which answers these questions.
EVOLUTIONARY MODEL OF A COOL CONTACT BINARY
The present model is based on evolutionary scenario developed by Stȩpień (2004 Stȩpień ( , 2006a . The scenario assumes that W UMa type stars originate from cool detached binaries with initial orbital periods of a few days. If such binaries are formed in the process of fragmentation, their minimum ZAMS periods are expected to be close to 2 days (Stȩpień 1995) . We consider only binaries in which both components possess subphotospheric convection zones and rotate synchronously. Such stars are very active and drive magnetized winds. Any possible proximity effects on the winds are neglected (this also holds when a binary enters the contact phase). Synchronous rotation demands that AM lost by the winds is ultimately drawn from orbital AM. Neglecting spin AM of both components, compared to orbital AM (see Fig. 4 in , the AM loss (AML) rate of a close binary is given by Eq. (15) in Stȩpień (2006b) 
Here AM is in cgs units, period in days, masses and radii in solar units and time in years. The formula is based on semi-empirically determined AML rate of single, cool stars. The uncertainty of the numerical coefficient is about 30 %. Similarly as in that paper, the supersaturation effect is allowed for by assuming P ≡ 0.4 days in Eq. (12) for periods shorter than 0.4 days.
The adopted mass loss rate of each component is based on empirical determination by Wood et al. (2002) 1 unnecessary factor ω appeared in that equation -the correct form is given in the present paper and in astro-ph/0701529Ṁ 1,2 = −10
where mass loss rates are in M⊙/year and radii in solar units. The uncertainty of the numerical factor is of the order of two. A more detailed discussion of this formula is given by Stȩpień (2006b) . Wood et al. (2005) announced recently the observations of stellar wind from ξ Boo -a very active star, which indicate that the mass loss rate from the most active stars may actually be lower than resulting from the above formula.
Much higher mass and AML rates are suggested by Demircan et al. (2006) . The rates are based on a controversial assumption that chromospherically active binaries are born with mean total masses of ∼ 4M⊙ and mean orbital periods of ∼ 50 days. During the subsequent evolution the binaries lose mass and AM at high rates so that, at the age of 9 Gyr, their mean masses and periods decrease to ∼ 1.2M⊙ and ∼ 1.6 days, respectively (see Fig. 2 in Demircan et al. 2006) . We think that the rates derived by Demircan et al. (2006) are too high and weakly justified. Additional, convincing arguments in their favor are needed before one accepts them.
To simplify calculations we adopt in both formulas the parametric approximation Rs = Ms, where Rs and Ms are stellar radius and mass in solar units. Observations of low mass MS stars show that this equality is satisfied to a good approximation (Lopez-Morales & Ribas 2005). Evolutionary models show that Rs of a star with a mass 1M⊙ varies between about 0.9Ms at ZAMS to slightly less than 1.3Ms at TAMS, with a time-weighted average close to Ms (Schaller et al. 1992) , so the applied approximation is also in a good agreement with theoretical models. The parametric approximation was used only in these two equations. The actual (time-dependent) values of stellar radii of both components were calculated as a part of the evolutionary model of a binary. They were interpolated from evolutionary models of single stars and compared at each time step to the critical Roche lobes (see below).
The above equations were combined with equations describing the orbital binary parameters (see the previous section) and integrated in time to follow the evolution of binaries with various initial masses. The value of 2 d was always adopted for an initial orbital period. The results indicate that time needed for a cool, close binary with such a period and the initial mass of the primary around 1.2-1.3 M⊙ to reach contact amounts to several Gyr i. e. it is close to the life time of the primary on MS (see also Stȩpień 1995 Stȩpień , 2006a . Moreover, both time scales show similar mass dependence. From Eq. (12) the AML time scale τAML ∝ M −3 1 , if we ignore the dependence of the time scale on parameters of a secondary. On the other hand, the MS life time, resulting from the models by Schaller et al. (1992) , can be approximated to within 5 % by: τev = 9.84M −γ , where γ ≈ 3 for 1 M 1.3M⊙ and γ ≈ 4 for 0.8 M < 1M⊙. A similar mass dependence of both time scales means that their approximate equality holds down to the least massive stars with MS life time shorter than the Hubble time, i. e. about 0.9 M⊙. In consequence, the primary is close to, or even beyond TAMS at the time when its critical Roche lobe reaches the stellar radius.
Following the Roche lobe overflow (RLOF) mass transfer to the secondary component begins. Whatever are the Remark: (2) -mass transfer rate in the contact phase increased by 7 % compared to (1).
details of this process, our model assumes that it ends when both stars reach thermal equilibrium with radii not exceeding their Roche lobes, similarly as in case of Algols. We assume that mass is transferred on a thermal time scale, i.e. during ∼ 10 8 years, except for the least massive binary for which shorter time scale of ∼ 10 7 years was adopted. Equilibrium radii of both stars become smaller than sizes of the Roche lobes only after mass ratio reversal. It is likely that additional AM and mass loss occur when q ≈ 1 and the semiaxis is at its local minimum but the accurate modelling of the common envelope phase is still beyond the present capabilities (Yakut & Eggleton 2005) . To avoid introducing additional arbitrary parameters describing the possible mass and AM loss during the common envelope phase we assumed conservative mass exchange (apart from the stellar winds). However, in two most massive cases modeled, the binaries emerged as near-contact binaries of an Algol type after the mass exchange phase of 10 8 years. The systems contained too much AM to form contact binaries. After some additional time such short period Algols should lose enough AM to turn into a contact configuration (Stȩpień 2006a) . To skip this semi-detached phase, the mass exchange phase was artificially extended in time by lowering the mass transfer rate so that the right amount of AM was lost via winds and a contact system was formed as a post-mass-exchange equilibrium configuration. The extended mass exchange phase took 4 − 6 × 10 8 years. This manipulation was not needed for the three less massive binaries which emerged from the mass exchange phase as contact binaries. A newly formed contact binary consists of the present secondary (originally more massive) with a radius equal to its TAMS value, and the present primary (originally less massive) with a radius equal to its ZAMS value. The adopted mass transfer rates lie in the interval 1 − 5 × 10 −9 M⊙/year. The last evolutionary stage considered by us is the binary evolution in contact. Mass and AM loss are governed by Eqs. (12)- (13), as before, but mass is also transferred from the present secondary (hydrogen depleted) to the present primary, virtually unevolved after gaining the hydrogen rich matter during the fast mass exchange phase. The mass transfer from the secondary is caused by its evolutionary expansion and it ultimately leads to q → 0. In the lack of precise evolutionary models of a contact binary, the mass transfer rate in the contact phase is treated as a free parameter, similarly as in the previous phase. As it turned out, its correct value required a very fine tuning. Too high rate results in a rapid increase of the orbital period and the corresponding increase of both critical Roche lobes. Even if the present secondary could expand fast enough to fill its rapidly increasing Roche lobe, the present primary cannot keep pace with its growing Roche lobe (remember that both components are assumed to be in thermal equilibrium), and the binary would transform into an ordinary Algol with a period exceeding 1 day. On the other hand, too low mass transfer rate in the presence of a fixed AML results in a period decrease, and the overflow of the critical Roche surface. Different estimates indicate that a contact configuration exists for one or a few Gyr (Mochnacki 1981; Bilir et al. 2005; Stȩpień 2006a ). To keep a contact configuration for such a time a value of the mass transfer rate must be individually adjusted with a relatively high precision. The resulting values lie in the interval 3 − 4 × 10 −10 M⊙/year, i. e. they are about ten times lower than in the fast mass transfer phase. During this phase, the radius of the secondary was kept equal to the size of its Roche lobe, whereas the radius of the primary was assumed to increase a little due to evolutionary effects (specifically, from RZAMS = 0.9M to R = M ). The computations were stopped when the Roche lobe of the primary became smaller than its radius and the second RLOF occurred. In most cases this takes place when the mass ratio approaches a critical value of 0.1 beyond which coalescence of both components is expected (Rasio 1995) but two models behaved differently (see below).
DISCUSSION
The model computations are summarized in Table 3 . Initial masses of primaries cover an interval from 1.3 M⊙ where the subphotospheric convection is supposed to cease, down to 0.9 M⊙, for which the MS life time becomes comparable to the Hubble time. Initial masses of the secondaries were selected to obtain binaries with mass ratio close to 1 and close to 0.5. Evolutionary tracks of the models from Table 3 are plotted in period-AM diagram (Fig. 4) . Dotted lines show AM evolution of binaries in a detached phase and during fast exchange phase whereas solid lines give tracks in a contact phase.
Two different models are listed for the binary 1.3+1.1 M⊙. After the binary was evolved through the detached phase and the fast exchange phase, two different paths of evolution in contact were considered. The first model was evolved with mass transfer rate of 3.50 × 10 −10 M⊙/year and the second model with mass transfer rate of 3.75 × 10 −10 M⊙/year i. e. 7 % higher. Such a small difference resulted in distinctly different evolutionary tracks in the period-AM and period-mass diagrams (see Figs. 4 and Table 3 are also shown. Parts of the tracks plotted with dotted lines correspond to pre-contact phases and those plotted with solid lines describe binary evolution in contact.
5). The lower mass transfer rate resulted in a significant shrinking of the orbit followed by the overflow of the critical Roche surface by the present primary when q = 0.23, i. e. still quite far from the critical value of 0.1. The slightly higher mass transfer rate kept the orbit wide enough so that the contact configuration could exist for a longer time and lose more AM. The overflow occurred when the mass ratio approached the value of 0.1. This is an illustration of a great sensitivity of contact binary evolution to the mass transfer rate, which points out to the existence of a selfregulating mechanism of mass transfer with a negative feedback. There is no reason to assume that the mass transfer rate in real binaries is constant. On the contrary, the rate is most likely adjusted instantaneously to the evolutionary expansion rate of the secondary coupled with the changing orbit. Fast expansion of the secondary results in an increase of the mass transfer rate leading in turn to a widening of the orbit and even faster increase of the Roche lobe (in spite of AML) which cuts the rate down. Slow expansion results in low mass transfer rate and shrinking of the orbit because AML prevails. The shrinking secondary Roche lobe enhances mass transfer which counteracts the decrease of the orbit. The mass transfer rate adjusts itself to the evolutionary changes of stellar radii and orbital parameters. Our constant mass transfer rates are most likely equivalent to actual mass transfer rates averaged over the whole contact phase.
The model calculations suggest that the newly formed contact binaries appear near diagonal in the period-AM diagram (Fig. 4) . It takes about 4-5 Gyr for progenitors of massive W UMa stars to enter the contact phase. This time rapidly increases with decreasing component masses up to about 12 Gyr for progenitors of the least massive ones. Subsequently, a contact binary moves over next 1-2 Gyr downwards i. e. towards low AM. High-and medium-mass binaries finish evolution in contact as extreme mass-ratio binaries similar to the system AW UMa in which the secondary Figure 5 . Evolutionary tracks of model binaries listed in Table 3 . Their parts plotted with dotted lines correspond to pre-contact phases and those plotted with solid lines describe binary evolution in contact. Over-plotted are observed masses of contact binaries from Tables 1 and 2. has already built a noticeable helium core (Paczyński et al. 2007) . Such a binary is soon expected to go coalescence into a rapidly rotating blue straggler or a single and fast rotating star, possibly a giant of FK Com type. Low-mass binaries have different evolutionary history as our models show. After spending 12-13 Gyr in a detached configuration, they form a tight, short period contact binary with very low AM. Evolutionary expansion of the secondary in such a system is much slower than its counterparts in more massive binaries, which results in a very low mass transfer rate. AML caused by the winds probably dominates, shortening the period. The binary moves nearly horizontally in the period-AM diagram, as shown in Fig. 4 until both components overflow the critical Roche lobe and merge together. Mass ratio hardly varies during the contact phase and does not reach any extreme value, such as 0.1.
Summarizing, we see that high mass systems may remain A-type binaries over their whole evolution in contact. They evolve nearly vertically in the period-AM diagram and finish evolution as extreme mass ratio binaries similar to the system AW UMa. Low mass systems do not evolve towards such a configuration. Instead, their orbits shrink until both components overflow the outer critical surface and merge together. If they are born as W-type systems they may remain such during their whole contact evolution. Medium mass binaries are probably formed as W-type with mass ratios around 0.3-0.5 and they evolve as massive contact binaries i.e. towards the extreme mass ratio A-type systems, although early coalescence of some of them cannot be excluded. Better models are needed to follow more accurately evolution of individual contact binaries.
Evolutionary tracks of the models listed in Table 3 are also shown in the period-mass diagram (Fig. 5) . Similarly as in Fig. 4 , dotted lines show mass evolution of the components of a binary in a detached phase and during mass transfer whereas solid lines describe mass evolution in a contact phase. The lines run in pairs with symmetric shapes; upper branches correspond to primaries and lower branches to secondaries. The models reproduce correctly the observed properties of the binary components described in . Evolutionary models presented in this paper do not include the problem of energy transfer between the binary components. It is simply assumed that the energy transfer does not influence stellar radii. Lucy (1968) assumed that energy is transferred by turbulent convection so that convective envelopes of both components are on the same adiabat (i.e. the adiabatic constants of both envelopes are equal). Recently, however, new models of energy transfer have been developed in which the convective zone of the secondary remains separated from a thin common envelope, extending above the inner critical surface, by a radiative layer. Energy is transported by large scale circulations in the common envelope (Martin & Davey 1995; Kähler 2002 Kähler , 2004 . The models do not violate the second law of thermodynamics (that was a weakness of earlier models challenging the Lucy proposition) and both components can be in thermal equilibrium (Kähler 2004) . Neither model of energy transfer, by turbulent convection or by large scale circulations, can produce a secondary hotter than primary. Very efficient transport can at most equalize both temperatures but lower efficiency results in hotter primary. In other words, A-type binaries are easily reproduced but not W-type. Additional phenomena, like dark or hot spots, distributed on one or both components, are invoked to explain W-type phenomenon. Additional arguments for the existence of such spots come from recurrent observations of light curves of W UMa stars, which show significant variability of shape, minima depths and/or maxima heights. The most impressive example of such variability is shown by the star OGLE BUL-SC27-506 in which light curves taken over three consecutive seasons differ profoundly from one another in shape and average brightness (Rucinski & Paczynski (2002) ). The season to season variations of the light curve have an amplitude comparable to the depth of the minima. Another example of such variations (although on a much smaller scale) is presented by V839 Oph (Gazeas et al. (2006b) ). We can only speculate, based on the observed data, that spot activity seems to be weak in massive contact binaries, hence all they are of A-type, whereas low mass binaries are very active, hence they all are of W-type. Binaries with intermediate masses can show either A-type or W-type phenomenon or, sometimes, both in turn, as it happens on V839 Oph.
There is a group of high AM -short period stars lying above diagonal in Fig. 4 that are apparently not covered by the computed models. They have AM of the order of 10 52 gcm 2 s −1 ) and periods around 0.4-0.5 d. Inspection of data from Tables 1 and 2 shows that these are massive A-type contact binaries with tight orbits and with the primaries significantly undersized compared to MS stars. Examples are NN Vir, V351 Peg or AQ Tuc. Their present total masses are higher than the total limiting mass for binaries with both components active. Assuming that the derived parameters are correct, they must have lost AM via another mechanism, not yet recognized, possibly similar to the one operating in hot contact binaries. Our equations describing mass and AM evolution of magnetically active stars are not applicable to such systems.
According to the data from Table 3, In spite of the low number of our models, ages found from them are in a fair agreement with these results. Ages of model binaries are about 20 % higher than kinematic ages but the steep trend of age with decreasing period is well reproduced. In particular, the models suggest that not only extreme mass ratio binaries but also the lowest mass binaries with short periods and moderate mass ratios are approaching coalescence. It is unfortunate that because of apparent faintness the latter ones are observationally neglected. Their accurate observations can shed light on the advanced stages of evolution of old and/or evolved low mass binaries and possibly on the formation of blue stragglers.
SUMMARY AND CONCLUSIONS
Analysis of the accurate observations of more than a hundred cool contact binaries reveals the existence of several correlations among their physical and geometric parameters. In particular, it is demonstrated that the knowledge of the orbital period alone suffices to determine the absolute magnitude of the system and masses and radii of the components with accuracy of about 15 %. The primary components follow closely the mass-radius relation for main sequence stars. The orbital AM increases on average with increasing period but the correlation is rather poor because also the range of observed values of AM increases rapidly with increasing period.
Model calculations are presented according to scenario suggested by (Stȩpień 2004 (Stȩpień , 2006a . It is assumed that cool contact binaries are formed from detached close binaries with initial (ZAMS) orbital periods of a couple of days and total masses between about 1.4 and 2.6 M⊙. Components of the binary lose mass and AM via magnetized stellar wind which results in tightening of the orbit. The time scale of orbital AML is of the order of several Gyr i. e. the same as the evolutionary time scale of a more massive (primary) component. Both time scales grow with decreasing stellar mass in a similar way, hence the primary is at, or near TAMS when the shrinking Roche lobe reaches its surface. RLOF results, followed by mass exchange between the components through the common envelope phase. The model assumes that mass transfer continues until mass ratio reversal and it stops only when the Roche lobe of the hydrogen depleted, mass losing component becomes larger than the stellar size. Depending on the detailed values of the involved parameters, the other component (now more massive) may fill or under-fill its Roche lobe. A contact binary is formed in the former case and a short period Algol in the latter but, after an additional AML, it also converts into a contact configuration. Both components are in thermal equilibrium. Details of energy transfer between the components are not included into the model. It is assumed that energy exchange takes place via large scale circulations in the common envelope above the inner critical surface and that it does not influence stellar radii. As it was shown by Kähler (2004) both stars exchanging energy can, indeed, be in thermal equilibrium. The evolution in contact is driven by a slow expansion of the presently secondary component (which builds a helium core) followed by mass transfer to the present primary component, accompanied by mass and AML due to stellar winds. Depending on the relative importance of mass transfer and AML an extreme mass ratio, or a very tight, medium mass ratio binary will be formed. In either case both components merge forming a single, rapidly rotating star.
Precise duration of the contact phase depends on the adopted values of the parameters influencing the evolution. Our results indicate that its typical value is 1 -1.5 Gyr (See Table 3 ). The average age of the contact binaries varies with mass and orbital period, from about 5-6 Gyr for the most massive systems with total mass of ∼ 2.5M⊙ and periods of 0.5 -0.7 d, up to 12-13 Gyr for the least massive systems with total mass of ∼ 1.2M⊙ and periods around 0.25 d.
Detailed evolutionary paths of several binaries reproduce satisfactorily the observed ranges of binary parameters except a few high mass A-type systems with undersized primary components. They may belong to hot contact binaries rather than cool, low mass contact binaries discussed in the present paper.
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